To elucidate the role of T lymphocytes in primary infection with Yersinia enterocolitica, we investigated the elimination rate of this pathogen, the histomorphology of tissue lesions, and the immune responses of athymic T-cell-deficient C57BL/6 nude mice and their euthymic littermates after parenteral infection with Y. enterocolitica of serotype 0:8. While a low inoculum of 3 x 102 Y. enterocolitica cells (about 0.01 times the median lethal dose for normal C57BL/6 mice) was cleared by normal C57B116 mice within 7 to 10 days, athymic nude C57BL/6 mice developed progressive infections after this inoculum, leading to death ol; days 20 to 25 postinfection (p.i.). While normal C57BL/6 mice experienced short-term transient infections, nude mice exhibited a biphasic, progressive infectious process. Thus, in the early phase (days 1 to 7 p.i.), a rapid influx of CD11b/18-positive cells (Mac-1 antigen) and natural killer cells was evident in the spleens and livers of the nude mice. The late phase (from day 8 p.i. onward) was characterized by a rapid progression of the infection and a further influx of CD11b/18-positive cells into the liver accompanied by an increase in bacterial counts and development of tissue lesions particularly in the liver and spleen. In normal mice, granuloma-like lesions composed of CD11b/18-, CD4-, and CD8-positive cells could be observed. However, granulomata were not found in nude mice. Yersinia-specific immunoglobulin G antibodies appeared on day 15 p.i. in the sera of normal mice, while nude mice failed to develop significant antibody titers. Adoptive transfer of Yersinia-specific T cells into athymic nude mice mediated resistance to Y. enterocolitica infection and restored both the ability of granuloma formation and the production of specific antibodies. In summary, the data presented herein strongly suggest that T lymphocytes play an essential role in the defense of C57BL/6 mice against Y. enterocolitica.
Congenital athymic nude mice are deficient in T lymphocytes and therefore lack a specific, acquired T-cell-dependent immune response (19) . Previous studies have shown that nude mice are unable to control an infection by Listeria monocytogenes, a gram-positive facultative intracellular microorganism (11, 12, 17, 34) . During the past 2 decades, several studies have revealed an increasing body of evidence indicating that elimination of L. monocytogenes from host tissues primarily depends on a specific, acquired T-cellmediated immune response which, via cytokines such as gamma interferon (IFN--y), leads to the activation of macrophages (13, 26, 28, 34, 36) . These cells, in turn, evolve microbicidal activity and then clear the infection (6, 13, 33) . However, previous studies have provided evidence that athymic nude mice are even more resistant to listeriae in the early phase of infection (days 1 to 5) than their euthymic littermates (7, 11) . This increased resistance of nude mice might well be due to a higher level of phagocyte activation a priori (7, 8, 35) . Moreover, recent studies indicate that, in addition to T lymphocytes, natural killer (NK) cells may also produce significant amounts of IFN--y in mice being infected with L. monocytogenes (10, 31, 32, 41) . This latter source of IFN--y has been found to confer partial protection to immu-* Corresponding author. nocompromised nude and SCID mice after Listeria infection (4, 41) . Nevertheless, both nude and SCID mice do develop chronic-progressive and in most instances lethal infections upon being challenged by L. monocytogenes or other intracellular pathogens (9, 17) .
In contrast to facultative intracellular bacteria such as L. monocytogenes, Yersinia enterocolitica, a gram-negative enteropathogenic microorganism, is known to multiply in the main extracellularly in host tissues (15, 24, 39, 40) . Recently, using experimentally infected C57BL/6 mice, we could demonstrate for the very first time that T lymphocytes are involved in the host response against Yersinia infection (1). This was surprising, inasmuch as extracellular pathogens thus far were believed to be primarily controlled by nonspecific cellular and nonspecific as well as specific humoral host defense mechanisms (13) . Moreover, we found that the adoptive transfer of Yersinia-specific CD4+ TH1-like as well as CD8+ T-cell lines and clones into naive mice can mediate protection against challenge with a lethal dose of yersiniae (3) . Furthermore, we could show that in vivo neutralization of IFN--y or tumor necrosis factor alpha (TNF-oa) by specific antibodies prior to or during the infection of mice abrogates resistance to Y enterocolitica, suggesting that macrophages, possibly activated by T lymphocytes, are an important component of the host immune response in primary Yersinia infection (2) . However, whether the presence of T lympho-cytes is a conditio sine qua non for elimination of Y. enterocolitica during primary infection has not yet been investigated. Therefore, in the present study, we have studied experimentally infected congenital athymic T-cell-deficient C57BL/6 nude mice and normal euthymic C57BL/6 mice to elucidate the role of T lymphocytes in the host immune response to Y. enterocolitica.
In this paper, we report on the time course, the histomorphological tissue changes, and the cellular as well as the humoral immune responses induced by Y enterocolitica infection in normal and athymic T-cell-deficient nude C57BL/6 mice. The findings presented herein provide direct evidence that a specific T-cell-dependent immune response is required for an efficient defense against the extracellular pathogen Y enterocolitica. Moreover, our data may well be of significance for understanding the defense mechanisms against invasive gram-negative extracellular pathogens in general and for elucidating the pathogenesis of Yersiniainduced sequelae, such as reactive arthritis, in particular.
MATERUILS AND METHODS
Mice. Female euthymic C57BL/6 and congenital athymic C57BL/6 nude mice, 8 to 10 weeks old, were purchased from Charles River Wiga (Sulzfeld, Germany) and Bomholtgard (Ry, Denmark). The mice were kept under specific-pathogen-free conditions in a positive-pressure cabinet and provided with sterile food and water ad libitum.
Bacteria. Virulent Y enterocolitica of the serotype 0:8, strain WA-P, harboring the pYV plasmid (16) was passaged in mice, cultivated at 26°C in Luria broth, harvested during the log phase, and frozen in 1-ml aliquots at -70°C (3). Prior to each experiment, an aliquot was thawed, washed, and resuspended in sterile phosphate-buffered saline (PBS), pH 7.4.
Infection of animals. Mice were intravenously infected with Y enterocolitica, as described previously (3) . The number of bacteria administered was determined by plating 200 Ru of serial dilutions of the inoculum on Mueller-Hinton agar and counting the CFU after an incubation period of 36 h. The numbers of bacteria present in the spleens of infected mice were determined by homogenizing the spleens in 5 ml of PBS containing 0.1% Tergitol TMN 10 (Fluka, Buchs, Switzerland) and 0.1% bovine serum albumin (Merck, Darmstadt, Germany) with glass pots and by plating 0.2 ml of serial dilutions of the homogenate on Mueller-Hinton agar, as described elsewhere (3). The limit of detectable splenic CFU was 25 (log1o of 25 = 1.4). The median lethal dose (LD50) of Y enterocolitica administered intravenously to euthymic and athymic nude C57BL/6 mice was determined by the method evolved by Reed and Muench (38) .
Histological studies. At various intervals after infection (days 1, 3, 7, 10, 15, and 23), three to five mice from each group were killed by carbon dioxide asphyxiation. In the autopsy, the internal organs (the spleens, livers, and lungs) were removed and weighed. For histological investigations, tissues were fixed in 4% buffered formalin and embedded in paraffin, and 3-to 4-,um-thick sections were cut on a microtome and then stained with hematoxylin and eosin (HE) by standard procedures. The inflammatory lesions evident in serial sections of the spleens and livers were graded semiquantitatively as described previously (1) as follows: (+), single inflammatory focus; +, + +, + + +, and + + + +, up to 10, 11 to 20, 21 to 50, and more than 50 pyogenic, granulomatous, or necrotic lesions per histological section, respectively. The values indicated in Fig. 2 by an ELISA reader (Titertec Multiscan MCC 340; Flow Labsystems, Solna, Sweden). Blank values were obtained by the addition of PBS containing 0.5% Tween 20 and 1% FCS without primary antibody and were subtracted from all other values measured. In each assay performed, five duplicates of the sera from control mice (noninfected C57BV/6 mice) were tested as negative controls to obtain cutoff values. In this study, the cutoff value was defined as the mean absorbance of the negative controls plus 2 standard deviations.
Adoptive transfer of T lymphocytes. For adoptive-transfer experiments, the Yersinia-specific CD4+ T-cell clone lDl or freshly isolated Yersinia-immune splenic T cells (iT cells) were used. The generation and cultivation of Yersiniaspecific T-cell clones have been described recently (3). For transfer, 2 weeks after antigen stimulation and cultivation with irradiated syngeneic splenic feeder cells and 10 U of interleukin-2 (IL-2) per ml in 12-well macroculture plates (Nunc, Roskilde, Denmark), the T-cell clone lDl was collected, purified by Ficoll (Biochrom) density gradient centrifugation, washed, and resuspended in PBS. For transfer of iT cells, the spleens of C57BL/6 mice 7 days after sublethal parenteral infection with Y enterocolitica WA-P were aseptically removed. Single-cell suspensions were prepared, and T cells were purified by Ficoll density gradient centrifugation and by passage through a nylon wool column. The purity of the eluted nonadherent cell population was studies above). The fraction contained more than 90% CD3+ T cells. Cell viability was determined by propidium iodide staining and FACScan analysis and by trypan blue exclusion with a microscope. A total of 107 lDl or iT cells was administered into the lateral tail vein of each nude mouse 1 day prior to the intravenous challenge with 5 x 103 viable yersiniae (at least 100 times the LD50 for naive athymic C57BL/6 nude mice). The experimental and control groups consisted of three to five mice per group for each time point of the examination. The experiment was performed three times and revealed comparable results. To assess the extent of protection, spleens of infected mice were removed, homogenized, and plated as described above to determine splenic CFU. The extent of protection was calculated by substracting the mean log1o CFU per spleen of the test groups from the mean log10 CFU per spleen of the control group. Furthermore, blood was collected from each mouse for serological testing, and the livers were removed for histomorphological and immunohistological studies.
Proliferation and cytokine assays. Purified T cells (5 x 104 iT cells or lDl clones) were cultured in the presence of 2 x 105 irradiated (3,500 rads) syngeneic nonimmune splenic feeder cells as antigen-presenting cells and antigen in 0.2 ml of Click-RPMI 1640 cell culture medium (Biochrom) supplemented with a solution containing 2 mM 1-glutamine, 10 mM HEPES (N-2-hydroxyethylpiperazine-N-2-ethanesulfonic acid), 5 x 10-M 2-mercaptoethanol, 10 ,ug of streptomycin per ml, 100 U of penicillin per ml, and 10% heat-inactivated FCS (Biochrom) in round-bottom microculture plates (Nunc, Wiesbaden, Germany). As antigen, we used heatkilled Y enterocolitica 0:8 (WA-P), L. monocytogenes, and Salmonella typhimurium at a concentration of 10 jig/ml as described previously (3 (Fig. la) . In nude mice, however, the course of infection was fundamentally different. After application of 3 x 102 bacteria, the infection developed in two phases: an early phase (days 1 to 7 p.i.) and a late phase (from day 8 onward) ( Fig.  1) . On day 1 p.i., the spleens of nude mice contained lower numbers of bacteria than the spleens of normal mice, although this difference was not of statistical significance. Until day 3, bacterial counts in nude mice increased but differed only slightly from those of the controls. While nude mice were at least partially able to control yersiniae in the early phase of infection, they did disclose progressive infections causing death by days 20 to 25 p.i. in the late phase. In parallel with the bacterial net growth in the spleen, nude mice developed considerable splenomegaly. While there was a slight increase in the spleen weights of normal mice after infection, nude mice developed a profound rise in spleen weights, up to eight times that of normal mice, in particular, in the late phase of the infection (Fig. lb) .
Histomorphology of Y. enterocolitica infection. In both normal and nude mice, the spleens and livers were the organs affected most extensively by the Yersinia infection. However, unlike normal mice, nude mice also showed remarkable lung involvement in frequent instances (30 to 40%). The semiquantitative assessment of Yersinia-induced lesions in the spleen and liver-irrespective of their histological character-revealed striking differences between the two experimental animal groups (Fig. 2) . In normal mice, the inflammatory reaction manifested rapidly within 3 days, disappearing again after 7 days (Fig. 2) . In contrast, lesions induced in nude mice developed slowly in a bimodal fashion, becoming persistent or progressive. In the early phase, the spleens (Fig. 2a) and in particular the livers (Fig. 2b) of nude mice disclosed an inflammatory response even less intense than that of normal mice. In the late phase, however, there was extensive and protracted tissue destruction evident until the end of the observation period. Histomorphologically, the inflammatory foci present in the livers and spleens of normal C57BL/6 mice 3 days p.i. were primarily composed of neutrophilic granulocytes. Thereafter, lesions were populated predominantly by mononuclear cells (Fig. 3a) , sometimes exhibiting a granulomatous character (Fig. 3a and b significant tissue destruction were not observed in normal C57BL/6 mice when the mice were infected with 3 x 102 yersiniae.
In contrast to the euthymic animals, nude mice-subsequent to the inapparent initial phase-disclosed extensive pyogenic lesions for the entire period of observation. There were numerous macro-or microabscesses both in the liver (Fig. 4a and b ) and in the spleen (Fig. 4c) . In addition, 30 to 40% of the animals had remarkable lung involvement (Fig.  4d) . As evident from the HE-stained sections, only few lymphocytes directly contributed to the inflammatory reaction. The livers, in addition to pyogenic foci, frequently exhibited various types of hepatocellular necrosis. Nevertheless, whereas abscesses in livers and lungs lacked distinct demarcation by mononuclear phagocytes, such cells were present at the periphery of pyogenic lesions in the spleens (Fig. 4c) . As expected, no granuloma formation was detectable in nude mice tissue.
Starting about 7 to 10 days p.i., considerable follicular hyperplasia of the spleen was observed in normal and, to a lesser extent, nude mice, accompanied by the appearance of plasma cells. However, a comparative semiquantitative evaluation of this phenomenon in the two mouse strains was not possible because the nude mouse spleens were greatly destroyed.
Immunohistological analysis of Yersinia-induced liver lesions. Since immunohistological investigation of hepatic lesions offers several advantages over splenic-lesion analysis (1, 18) , the data presented here are restricted to the liver. As described recently (1), after primary Yersinia infection, both CD4 and CD8 T lymphocytes appeared in the livers of normal C57BL/6 mice, showing a marked accumulation within Yersinia-induced lesions. In contrast, as expected, T lymphocytes could not be detected in the livers of nude mice infected with yersiniae. Under the given experimental conditions, only few CD11b/18-positive cells (MAC-1 antigen corresponding to the C3bi receptor expressed on monocytes, macrophages, granulocytes, and NK cells) were found in the livers of normal C57BL/6 mice (Fig. 5a) . In nude mice, the influx of CD11b/18-positive cells into the liver revealed a completely different pattern. In the early phase of the infection, only few CD11b/18-positive cells could be observed. In contrast, an extensive influx of such cells into the liver could be observed in the late phase, occurring in parallel with the development of liver lesions. While in normal mice, CD11b/18-positive cells primarily accumulated within lesions, in nude mice these cells were localized inside as well as outside the inflammatory foci (Fig. Sb) . Immunohistological investigation of Ia (major histocompatibility complex class II molecule) expression in the liver revealed a similar pattern in both mouse strains. In normal mice, the rise in Ia expression occurred rapidly, peaking on day 3 p.i., reaching a plateau, and from day 10 both strains of mice on day 7 p.i. is shown in Fig. 6 . In nude mice, the number of Ia-expressing cells in the liver peaked on day 10 p.i., reaching a plateau, and, in contrast to normal mice, persisting until the end of the observation period (Fig.  6b) . In addition to inflammatory cells present within the lesions, both parenchymal as well as endothelial cells in the livers of nude and normal mice expressed Ia molecules.
Flow cytometry studies. Flow cytometric analysis of the way in which spleen cell populations are composed in the course of infection revealed marked differences between the two mouse strains. In normal C57BL/6 mice, 30 to 40% CD3-positive T lymphocytes were present. The relative and absolute numbers of T lymphocytes were practically constant throughout the infection. The CD4/CD8 ratio was approximately 2:1 (Fig. 7A) (Fig. 7B) . In parallel, a marked influx of CD11b/18-positive cells (up to 18% of the total cells) on day 1 p.i. was observed (Fig. 7C) . Both PK 136-and CD11b/18-positive cells slowly decreased toward normal levels by the end of the observation period. In contrast to normal mice, a rapid and extensive influx of PK 136-positive cells (up to 50% of the total cells) on day 3 p.i. was recorded for nude mice (Fig. 7B) . Some (Fig. 7C) , followed by a slight decline and a second rise starting on day 15 p.i. As expected, significant numbers of T lyrmphocytes could not be detected in the spleens of nude mice (Fig. 7A) .
Yersinia-specific humoral immune response. To determine the production of Yersinia-specific antibodies after infection, the sera of normal and nude mice were collected prior to autopsy. The sera were analyzed for the presence of Yersinia-specific IgM and IgG antibodies by means of a Yersiniaspecific ELISA including whole cells of Y enterocolitica WA-P grown at 37°C as antigen. The Yersinia-specific IgM response was vety weak in the sera of both mouse strains.
Significant IgM antibody titers were detected only on days 15 and 21 p.i. (data not shown). However, there were considerable IgM titer variations between each group. In contrast, the titers of Yersinia-specific IgG antibodies revealed striking differences in both mouse strains. While there was no significant IgG response in the sera of nude mice, normal C57BL/6 mice exhibited high levels of Yersinia-specific IgG antibodies by day 15 p.i. (Fig. 8) .
Adoptive-transfer experiments. To test whether the compromised host response of athymic C57BL/6 nude mice against Y enterocolitica could be restored, we transferred (i) freshly isolated nylon wool-enriched iT cells from normal C57BL/6 mice 7 days after sublethal Yersinia infection, (ii) the Yersinia-specific CD4+ T-cell clone lDl, or (iii) a combination of both lDl and iT cells into nude mice prior to infection with Y enterocolitica. The Table 1) . Comparison of cytokine production by iT cells and T-cell clone lDl revealed that both produced IL-2 and IFN--y but not IL-4. However, the T-cell clone lDl produced significant greater amounts of IFN--y (450 U/ml) after antigenic stimulation than iT cells (5.4 U/ml) ( Table 2) . Moreover, after mitogenic stimulation with concanavalin A (ConA), the T-cell clone produced significant quantities of TNF-ct (130 pg/ml) and GM-CSF (>250 pg/ml), while iT cells did not.
To our surprise, the adoptive transfer of 107 naive splenic T cells into nude mice prior to the challenge with 5 x i03 Y enterocolitica cells (more than 100 times the LD50 for nude C57BL/6 mice) did not mediate significant protection (data not shown). Likewise, transfer of 107 iT cells mediated only little (statistically not significant) protection (log protection, 2.4) against Yersinia infection (Fig. 9) . In contrast, transfer of 10 cells of the T-cell clone lDl mediated significant protection (log protection, 5.2; P < 0.04), in particular in combination with 107 iT cells (log protection, 7.0; P < 0.004). Determination of the presence of Yersinia-specific IgM and IgG antibodies in the sera of mice of the different groups revealed that mice receiving iT cells and/or clone lDl produced significant amounts of Yersinia-specific IgM antibodies on day 3 p.i. (P < 0.02 for clone lDl and P < 0.03 for iT cells) and IgG antibodies on day 6 p.i. (P < 0.04 for the group receiving both iT cells and clone 1D1), compared with the controls (Fig. 10a and b) . Moreover, histomorphological analysis of Yersinia-induced liver lesions revealed that after the adoptive transfer of either iT cells or T-cell clone lDl, athymic nude C57BL/6 mice developed granuloma-like lesions while control mice did not (data not shown). DISCUSSION Recent studies of the cellular immune response against parenteral Y enterocolitica infection in C57BL/6 mice indicate that T lymphocytes are involved in the host reaction against this pathogen (1, 3) . This is surprising for a pathogen that is presumed to multiply in the main extracellularly in infected tissues (15, 24, 39, 40) . According to current models of immunity against bacteria, extracellular microorganisms should be eliminated primarily by nonspecific cellular (phagocytes) and/or nonspecific as well as specific humoral (complement and antibodies) defense mechanisms (13) . Therefore, we started a systematic analysis to elucidate the putative role of T lymphocytes during Y enterocolitica infection in mice. For this purpose, the time course and histomorphological tissue changes, as well as the cellular and humoral immune responses, in both normal euthymic and congenital T-cell-deficient athymic nude C57BL/6 mice upon parenteral Y enterocolitica infection were studied in the present investigations.
Quite in keeping with previous studies (14), we found that the LD50 of the highly virulent Y enterocolitica strain WA-P of serotype 0:8 upon parenteral infection of normal C57BL/6 mice was relatively high (LD5O = 2 x 104) compared with that for BALB/c mice (LD50 = 5 x 102; data not shown).
Thus, C57BL/6 mice may be considered Yersinia resistant. By contrast, T-cell-deficient athymic C57BL/6 nude mice Nevertheless, in the very early phase of the infection (days 1 to 3 p.i.), bacterial counts in the spleens of nude mice did not differ significantly from those of normal mice ( nude mice (Fig. 5 and 7) . This assumption is supported by findings obtained in experimental studies of L. monocytogenes infection in immunocompromised nude and SCID mice (11, 12, 17, 34) . These investigations showed that nude mice do control listeriae in the first 12 h of infection by a preexisting resistance mechanism, e.g., by activated macrophages (34) . This mechanism has been shown to be radioresistant in nude mice (34) . Moreover, there is an acquired but nonspecific and radiosensitive resistance mechanism after 24 to 48 h p.i. (34) . Studies of T-and B-cell-deficient SCID mice provide evidence that this second nonspecific resistance mechanism could be mediated by NK cells (4, 9, 41) . These cells have been shown to be an important source of IFN--y production and, hence, may in this way contribute to resistance against Listeria infection (4, 31, 32, 41) . Consequently, neutralization of IFN--y in vivo increases susceptibility of SCID mice to Listeria infection (4) . Likewise, in a recent study, we were able to demonstrate that IFN--y plays a key role in murine yersiniosis, since neutralization of this cytokine prior to or during infection abrogates resistance against Y enterocolitica in C57BL/6 mice (2). However, whether T cells or NK cells are the main source of IFN--y production in yersiniosis remains to be investigated. On the other hand, there is a subset of CD3+ T cells expressing a gamma/delta T-cell receptor that could be involved in resistance against Yersinia infection in athymic mice. Indeed, gamma/delta T cells are thought to differentiate extrathymically and have been demonstrated to occur in significant frequencies in several tissues of athymic nude mice (5, 30, 37) . Moreover, there is some evidence that gamma/delta T cells may be involved in resistance of athymic nude mice to BCG (Mycobacterium bovis BCG) infection (20) . However, the role of these cells in yersiniosis is not yet clear.
Histomorphological analysis of Yersinia-induced tissue changes showed that granuloma-like lesions do not develop in the livers of nude mice, in contrast to those of normal mice. Similar findings have been reported for experimental listeriosis in nude and SCID mice (9, 17) . This is in keeping with previously published data indicating that granuloma formation depends strictly on the presence of CD4+ T lymphocytes (27, 29) . Semiquantitative assessment of Yersinia-induced tissue lesions revealed that the number of lesions per section closely correlates with the spleen weights (25) . Moreover, it has been shown that T-cell-deficient nude rats have been unable to produce specific IgG antibodies after infection with Toxoplasma gondii or Bacteroides fragilis (21, 22) . Surprisingly, however, there was no significant Yersinia-specific IgM response to be found in the sera of normal and nude mice during the first 10 days of infection (data not shown). This is probably due to the low infectious inoculum used in the present study (3 x 102 yersiniae). After administration of higher bacterial numbers (e.g., 3 x 103 or more), significant titers of Yersinia-specific IgM antibodies are detectable in the sera of C57BL/6 and BALB/c mice by days 6 to 10 p.i. (unpublished results).
By the adoptive transfer of certain Yersinia-specific T cells into athymic C57BL/6 nude mice, we were able to render them resistant to Yersinia infection. Resistance was accompanied by restoration of the ability of granuloma formation as well as the production of Yersinia-specific antibodies. Major resistance was achieved by transfer of a mixture of a Yersinia-specific CD4+ THl-like T-cell clone and freshly isolated iT cells containing CD4+ as well as CD8+ T cells (data not shown), suggesting that several types and functions of T cells are required for inducing an effective host response against Y enterocolitica. Hence, the data presented herein suggest that the protective function of T cells in primary Yersinia infection may be twofold. On the one hand, T cells may provide help for phagocytes that are activated via cytokines, such as IFN--y and IL-2, and which in turn evolve microbicidal properties. This assumption is supported by our previous studies indicating that (i) the adoptive transfer of Yersinia-specific IFN-y-producing T cells into naive mice can mediate protection against challenge with a lethal dose of yersiniae (3) and (ii) in vivo neutralization of IFN--y or TNF-a by specific antibodies prior to or during the infection abrogates resistance to Yersinia infection (2) . On the other hand, T cells may provide help for producing Yersiniaspecific antibodies by B cells, as has been shown in the present study. It is certainly not yet clear whether and to what extent Yersinia-specific antibodies confer protection against primary Yersinia infection. However, because of the fact that the adoptive transfer of Yersinia-specific T-cell clones into T-and B-cell-deficient SCID mice can mediate at least partial protection against Yersinia infection (unpublished results), we feel that antibodies are not necessarily required for resolving primary Yersinia infection. However, this assumption does not exclude an impact of specific antibodies for protection during primary and, in particular, secondary infections.
In summary, supporting our previous findings (1, 3) , the results of the present study indicate that T lymphocytes are required for inducing an effective host response against primary infection with Y. enterocolitica. We could provide evidence that after Yersinia infection, both granuloma formation and production of Yersinia-specific IgG antibodies are strictly T cell dependent, whereas the recruitment of .
